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(57) ABSTRACT 

In a method of fabricating a semiconductor device on a sub 

strate having a pillar pattern, a gate electrode is formed on the 
pillar pattern Without etching the latter. A conductive pattern 
is ?lled between adjacent pillar patterns, a spacer is formed 
above the conductive pattern and surrounding sideWalls of 
eachpillarpattern, and the gate electrode is formed by etching 
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FIG. 2C 

ETCH-BACK PROCESS 

FIG. 2B 

ETCH—BACK PROCESS 
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SEMICONDUCTOR DEVICE AND METHOD 
OF FABRICATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority of Korean patent 
application number 10-2008-0030173, ?led on Apr. 1, 2008, 
Which is incorporated herein by reference in its entirety. 

BACKGROUND 

The disclosure relates to a method of fabricating a semi 
conductor device, and more particularly, to a semiconductor 
device having a vertical channel and to a method of fabricat 
ing such vertical channel in a semiconductor device. 

Semiconductor devices having a recess-shape, a bulb 
shape and a ?n-shape have been developed in order to 
increase the channel area or channel length. Although the 
recess-shape semiconductor device, the bulb-shape semicon 
ductor device and the pin-shape semiconductor device can 
acquire the desired channel length or channel area, there are 
dif?culties in that complex patterns should be formed and cell 
ef?ciency should be considered. 

Particularly, in the case of a semiconductor having a verti 
cal channel by vertically aligning a source region and a drain 
region in a pillar pattern, the height of the pillar pattern is 
relatively high compared to its Width. Thus, the pillar pattern 
may lean over an adjacent pillar pattern or even collapse. 

FIG. 1 is a scanning electron microscopic (SEM) picture 
shoWing several defective pillar patterns in a semiconductor 
device knoWn to the inventors. 

Referring to FIG. 1, each pillar pattern 11 includes a pillar 
head 11A and a pillar neck 11B. Since a second Width W2 of 
the pillar neck 11B is smaller than a ?rst Width W1 of the 
pillar head 11A, and due to the relatively high height of the 
pillar pattern, the pillar pattern’ s mechanical strength may not 
be suf?ciently strong to sustain itself in the proper vertical 
orientation. As a result, the pillar pattern may collapse (12), or 
lean over (13) to adhere to neighboring pillar patterns. 

SUMMARY 

In accordance With one or more embodiments, a method of 
fabricating a semiconductor device includes: forming a plu 
rality of pillar patterns over a substrate; forming a conductive 
pattern betWeen adjacent pillar patterns; forming a spacer 
above the conductive pattern and surrounding sideWalls of 
each pillar pattern; and forming a gate electrode by etching 
the conductive pattern using the spacer as an etch barrier. 

In accordance With one or more embodiments, a method of 
fabricating a semiconductor device includes: forming a plu 
rality of pillar patterns over a substrate; and forming a gate 
electrode around each pillar pattern Without etching the pillar 
pattern. 

In accordance With one or more embodiments, a semicon 
ductor device includes: a substrate having a pillar pattern 
thereon; a hard mask pattern on top of the pillar pattern; a gate 
electrode surrounding and covering sideWalls of a loWer part 
of the pillar pattern; and a spacer above the gate electrode and 
surrounding and covering the sideWall of an upper part of the 
pillar pattern as Well as sideWalls of the hard mask pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments are illustrated by Way of example, 
and not by limitation, in the ?gures of the accompanying 
draWings. 
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2 
FIG. 1 is a scanning electron microscopic (SEM) picture 

shoWing several defective pillar patterns in a knoWn semicon 
ductor device. 

FIGS. 2A to 2E are schematic cross-sectional vieWs illus 
trating a method of fabricating a semiconductor device hav 
ing a vertical channel in accordance With some embodiments. 

DESCRIPTION OF EMBODIMENTS 

In the draWings, the illustrated thicknesses of layers and 
regions are exaggerated to facilitate explanation. Further 
more, the same or like reference numerals represent the same 
or like elements throughout the draWings. It Will also be 
understood that When a layer is referred to as being “on/ 
under” another layer or substrate, it can be directly on/under 
the other layer or substrate, or intervening layers may also be 
present. In addition, When a layer is referred to as being 
‘betWeen’ tWo layers, it can be the only layer betWeen the tWo 
layers, or one or more intervening layers may also be present. 

Herein, a vertical channel is de?ned as a channel formed in 
an up-doWn direction relative to the substrate supporting the 
device. 
As shoWn in FIG. 2A, a hard mask layer 22 is formed over 

a substrate 21, such as and a pillar pattern 23 is formed by 
etching the substrate 21 using the hard mask layer 22 as an 
etch barrier or mask. 
The pillarpattern 23 includes sideWalls of a vertical pro?le, 

has a uniform Width, and de?nes a region Where a vertical 
channel is to be formed. Thus, if the pillar pattern 23 is long, 
the channel also becomes long. 

The hard mask layer 22 in some embodiments has a stack 
structure including a pad oxide layer 22A and a nitride layer 
22B. 
As shoWn in FIG. 2B, a gate insulation layer 24 is formed 

over the pillar pattern 23 and the substrate 21. The gate 
insulation layer 24 is formed by using a deposition or an 
oxidation process. 

Impurity regions 25, including regions 251, 252, are 
formed over an upper region of the pillar pattern 23 and in the 
substrate 21 betWeen adjacent pillar patterns 23, respectively. 
The impurity regions 251, 252 are formed by using an ion 
implantation process, and con?gured to function as a source 
region and a drain region, respectively. Impurity regions 251, 
252 can also be con?gured to respectively function as a drain 
region and a source region instead. 
As shoWn in FIG. 2C, a conductive layer 26 is formed over 

the resultant structure including the impurity regions 25, and 
a ?rst conductive pattern 26A surrounding a loWer region of 
each pillar pattern 23 is formed by performing an etch-back 
process on the conductive layer 26. The ?rst conductive pat 
tern 26A remains betWeen adjacent pillar patterns 23, and 
betWeen the impurity region 251 formed on the upper region 
of each pillar pattern 23 and the respective impurity region 
252 formed in the substrate 21. 
The conductive layer 26 includes a polysilicon layer and/or 

a metal layer that includes at least one material selected from 
the group consisting of titanium nitride (TiN), tantalum 
nitride (TaN), tungsten (W), copper (Cu) and aluminum (Al). 
For example, the conductive layer 26 in some embodiments 
includes a stack of copper and aluminum layers. 
As shoWn in FIG. 2D, an insulation layer 27 is deposited 

over the pro?le of the substrate 21 having the ?rst conductive 
pattern 26A, and a spacer 27A is formed on sideWalls of the 
upper region of the pillar pattern 23 and sideWalls of the hard 
mask layer 22 by performing an etch-back process. The insu 
lation layer 27 may be an oxide layer, a nitride layer or a stack 
structure including at least an oxide layer and a nitride layer. 
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As shown in FIG. 2E, a second conductive pattern 26B is 
formed by etching the ?rst conductive pattern 26A using the 
spacer 27A as an etch barrier or mask. The second conductive 
pattern 26B surrounds the pillar pattern 23 and functions as a 
gate electrode. Hence, the second conductive pattern 26B is 
also referred to as the gate electrode. 

The spacer 27A remains over the gate electrode 26B during 
the subsequent processes, and functions as a protection layer 
of the gate electrode 26B in the subsequent etching processes. 
A buried bit line is formed by isolating the impurity region 

252 in the substrate 21, and a Word line connecting the gate 
electrodes 26B and a capacitor associated With the pillar 
pattern 23 are formed to fabricate the semiconductor device. 
As described above, the pillar pattern 23 has a uniform 

Width that reduces a possibility that the pillar pattern might 
lean over or collapse. 

In the knoWn device, the gate electrode is formed by per 
forming an etch back process until the substrate is exposed. 
HoWever, in the disclosed embodiments, the conductive layer 
26 is etched in such a manner that the ?rst conductive pattern 
26A surrounds the loWer region of the pillar pattern 23 as 
shoWn in FIG. 2C, and the gate electrode 26B is formed by 
etching the ?rst conductive pattern 26A using the spacer 27A 
as an etch barrier or mask. 

The amount of the conductive layer lost during the etch 
back process may be unacceptably large in the knoWn 
method, and the hard mask layer may be etched excessively. 
HoWever, the etched-back amount of the conductive layer 26 
to obtain the ?rst conductive pattern 26A is decreased com 
pared to the knoWn method. Thus, an excessive etch of the 
hard mask layer 22 can be reduced or avoided. In addition, 
during the etching process performed on the ?rst conductive 
pattern 26A using the spacer 27A as an etch barrier, an exces 
sive etch of the hard mask layer 22 can be prevented or 
reduced due to the spacer 27A. Accordingly, the required 
thickness of the hard mask layer 22 can be reduced compared 
to the knoWn device/method, and there is a loWer likelihood 
that the pillar pattern 23 might collapse or lean over adjacent 
pillar patterns. 

Thus, by forming the pillar pattern to have a uniform Width, 
the required thickness of the hard mask layer can be reduced, 
and a likelihood that the uniform Width pillar pattern might 
lean over neighboring pillar patterns or even collapse can be 
loWered compared to the knoWn device and method. 

Therefore, characteristics of the manufactured semicon 
ductor device having a vertical channel can be improved, and 
the device fabrication yield can be increased. 

While embodiments have been described, it Will be appar 
ent to those skilled in the art that various changes and modi 
?cations may be. 
What is claimed is: 
1. A method of fabricating a semiconductor device, the 

method comprising: 
forming a plurality of pillar patterns over a substrate; 
forming impurity regions on (i) an upper region of each 

pillar pattern to de?ne one of a source region and a drain 
region and in (ii) the substrate betWeen adjacent pillar 
patterns to de?ne the other of the source region and the 
drain region; 

forming a conductive pattern betWeen adjacent pillar pat 
terns; 

forming a spacer above the conductive pattern and sur 
rounding sideWalls of each pillar pattern; and 

forming a gate electrode by etching the conductive pattern 
using the spacer as an etch barrier. 

2. The method of claim 1, Wherein each pillar pattern has a 
uniform Width over its height. 
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3. The method of claim 1, Wherein the pillar patterns are 

formed by: 
forming a plurality of hard mask patterns over the sub 

strate; and 
etching the substrate by using the hard mask patterns as an 

etch barrier. 
4. The method of claim 3, Wherein the hard mask patterns 

comprise a stack structure comprising a pad oxide layer and a 
nitride layer. 

5. The method of claim 3, Wherein the spacer is formed to 
surround side Walls of each of the hard mask patterns on top 
of the respective pillar pattern. 

6. The method of claim 5, further comprising forming a 
gate insulation layer over the sideWalls of each pillar pattern 
and the substrate; 

Wherein 
the conductive pattern is formed to surround and cover a 

loWer part of the gate insulation layer on each pillar 
pattern, While leaving an upperpart of the gate insulation 
layer on each pillar pattern exposed; and 

the spacer is subsequently formed to surround and cover 
the exposed upper part of the gate insulation layer, 
thereby protecting the gate insulation layer during fol 
loWing processes. 

7. The method of claim 1, Wherein the gate electrode is 
formed by an etch-back process. 

8. The method of claim 1, Wherein the spacer comprises an 
oxide layer, a nitride layer, or a stack structure comprising the 
oxide layer and the nitride layer. 

9. The method of claim 1, Wherein the conductive pattern is 
formed by: 

forming a conductive layer over the substrate including the 
pillar patterns formed thereon; and 

performing an etch-back process on the conductive layer to 
form the conductive pattern. 

10. The method of claim 9, Wherein the conductive layer is 
a polysilicon layer or a metal layer. 

11. The method of claim 10, Wherein the metal layer com 
prises at least one material selected from the group consisting 
of titanium nitride (TiN), tantalum nitride (TaN), tungsten 
(W), copper (Cu) and aluminum (Al). 

12. The method of claim 1, Wherein the spacer is formed 
by: 

forming an insulation layer over the substrate including the 
pillar patterns and the conductive pattern formed 
thereon; and 

performing an etch back process on the insulation layer to 
form the spacer. 

13. The method of claim 1, further comprising 
forming a gate insulation layer over the sideWalls of each 

pillar pattern and over the substrate betWeen adjacent 
pillar patterns, to cover the impurity regions formed on 
the upper regions of the pillar patterns and to cover the 
impurity regions formed in the substrate betWeen adja 
cent pillar patterns. 

14. The method of claim 13, further comprising: 
after forming said gate insulation layer, forming a conduc 

tive layer over the substrate including the pillar patterns 
formed thereon; and 

performing an etch-back process on the conductive layer, 
Without exposing the gate insulation layer formed over 
the substrate betWeen adjacent pillar patterns, to obtain 
the conductive pattern; 

Wherein said gate electrode is subsequently formed by 
etching the conductive pattern using the spacer as an 
etch barrier to expose the gate insulation layer formed 
over the substrate betWeen adjacent pillar patterns. 
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15. A semiconductor device, comprising: a spacer above the gate electrode and surrounding and 
a substrate having a plurality of pillar patterns thereon; Covenng sldewans of the upper reglen of the plum" 

pattern as Well as sideWalls of the hard mask pattern. 
16. The device of claim 15, further comprising 

5 a gate insulation layer extending betWeen (i) each pillar 
pattern and (ii) the respective gate electrode and the 
respective spacer over a height of the pillar pattern. 

impurity regions on (i) an upper region of each pillar pat 
tern and de?ning one of a source region and a drain 
region and in (ii) the substrate betWeen adjacent pillar 
patterns and de?ning the other of the source region and 
the drain region; and 17. The device of claim 16, Wherein the sideWalls of the 

for each pillar pattern, hard mask pattern are free of the gate insulation layer. 
a hard mask pattern on top of the pillar pattern; 10 18. The device of claim 16, Wherein each pillar pattern has 
a gate electrode surrounding and covering sideWalls of a a umform Wldth Over the ennre helght thereof' 

loWer region of the pillar pattern; and * * * * * 


